A new approach for developing a cloud-point extraction-flame atomic absorption spectrometric method has been described and used for the determination of cobalt. In this approach, water was removed from the final diluted surfactant rich phase obtained in cloud-point extraction procedure. The results indicated that removing water from this phase increased the enhancement factor by 4-fold. 1-(2-Pyridylazo)-2-naphthol (PAN) and octylphenoxypolyethoxyethanol (Triton X-114) were used as a hydrophobic ligand and a nonionic surfactant, respectively. The chemical variables affecting the preconcentration step were optimized. The effect of the water concentration in the final diluted methanolic surfactant solution on the analytical signal was investigated. The results showed that the analytical signal decreased by 30% and 52% in 15% and 25% water concentrations in methanol, respectively. An enhancement factor of 115 was obtained for cobalt extracted from only 10 ml of a sample. The detection limit obtained under the optimal condition was 0.38 µg l -1 . The proposed procedure was applied to the determination of cobalt in urine samples.
Introduction
Trace elements play important roles in biological processes, both as essential components and as toxins. Some elements are indispensable and essential for life; others are just inert at the usual exposure concentrations. Some elements exhibit high toxicity in very low concentration, and even essential elements can cause deleterious effects in high concentrations. 1, 2 Cobalt is known to be essential at trace levels to humans, animals and plants for metabolic processes. The deficiency of cobalt in ruminants usually results in different types of anemia. Toxicological effects of large amounts of cobalt include vasodilation, flushing and cardiomyopathy in humans and animals. 3 Besides, abnormalities of the metabolism of certain elements are involved in some human diseases.
Thus, monitoring the body status of trace elements has received increasing attention by biomedical investigators. Urine analysis is often used for monitoring environmental and occupational exposure to trace elements because urine is the most readily available biological fluid, and most trace elements are mainly extracted via urine. 2 Several analytical techniques, such as atomic absorption spectrometry (AAS), [4] [5] [6] [7] inductively coupled plasma-atomic emission spectrometry (ICP-AES) 8 and inductively coupled plasma-mass spectrometry (ICP-MS) 9 are available for the determination of trace metals with sufficient sensitivity for most applications. However, the determination of trace metal ions in urine samples is difficult due to various factors, particularly their low concentrations and matrix effects. Preconcentration and separation can solve these problems and lead to a higher confidence level and easy determination of trace elements by less sensitive, but more accessible, instrumentation, such as flame atomic absorption spectrometry (AAS). 10 There are many methods of preconcentration and separation, such as liquidliquid extraction (LLE), 11 ion-exchange techniques 12 and solid phase extraction (SPE) with various adsorbents. 13, 14 However, these methods need high volumes of the samples, which are unsuitable for biological samples.
Cloud-point extraction (CPE) is a very useful method for the separation and preconcentration of metal ions from biological samples, because it needs low volumes of the sample (only 10 ml), and has a sufficient enhancement factor. [15] [16] [17] [18] [19] The cloudpoint extraction technique is based on the property of most nonionic surfactants in aqueous solutions to form micelles and become turbid when heated to such a temperature as the cloudpoint temperature. Above the cloud point, the micellar solution separates into a surfactant-rich phase of a small volume and in a diluted aqueous phase, in which the surfactant concentration is close to the critical micellar concentration (cmc). Any analyte solubilized in the hydrophobic core of the micelles will separate and become concentrated in the small volume of the surfactantrich phase. The small volume of the surfactant-rich phase obtained with this methodology permits the design of extraction schemes that are simple, cheap, of highly efficiency and of lower toxicity than extractions that use organic solvents. Accordingly, any species that interacts with the micellar system, either directly (generally hydrophobic organic compounds) or after a prerequisite derivatization reaction (e.g. metal ions after reaction with a suitable hydrophobic ligand) may be extracted from the initial solution and may also be pre-concentrated. 15 In the previous studies, 3, 10, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] the detection of an analyte in the surfactant-rich phase was carried out without removing water from the final diluted surfactant-rich phase. It seems that drying the surfactant rich-phase and applying pure methanol (without water) as a diluent enhances the absorbance signal of the analyte in the extracted phase, which in turn gives an increase in the enhancement factor and sensitivity. This idea was applied in this work, and an enhancement factor of 115 was obtained for cobalt extracted from only 10 ml. For the cloudpoint preconcentration, 1-(2-pyridylazo)-2-naphthol (PAN) as a complexing agent and octylphenoxypolyethoxyethanol (Triton X-114) as a surfactant were used before atomic-absorption spectrometry.
Experimental

Apparatus
A Shimadzu (Kyoto, Japan) Model AA-670G atomicabsorption spectrometer with a deuterium lamp background correction, and a cobalt hollow-cathode lamp (Hamamatsu Photonics K. K., Japan) as a radiation source, was used throughout measurements made at 240.7 nm. The operating conditions were those recommended by the manufacturer, unless specified otherwise. The acetylene flow rate and the burner height were adjusted in order to obtain the maximum absorbance signal, while aspirating the analyte solution in methanol. A thermostated bath (Tokyo Rikakikai Ltd., Japan; Model UA-1) maintained at the desired temperature, was used for cloud-point pre-concentration experiments, and phase separation was assisted using a centrifuge (Hettich) in 15 ml calibrated centrifuge tubes (Superior, Germany).
Reagents
A nonionic surfactant (Triton X-114) was obtained from Sigma (St. Louis, MO, USA) and was used without further purification. A stock standard solution of Co at a concentration of 1000 µg ml -1 was obtained from E. Merck (Darmstadt, Germany). Working standard solutions were obtained by appropriate dilution of the stock standard solution. A solution of 4.4 × 10 -3 mol l -1 PAN (E. Merck, Darmstadt, Germany) was prepared by dissolving appropriate amounts of this reagent in absolute ethanol (E. Merck, Darmstadt, Germany). A stock standard buffer solution (0.2 mol l -1 ) was prepared by dissolving appropriate amounts of potassium hydrogen phthalate (E. Merck, Darmstadt, Germany) in water. All of the other reagents were of analytical-reagent grade, and all solutions were prepared in triply distilled water. The materials and vessels used for trace analysis were kept in a sulfochromic acid mixture for at least 1 h, and were subsequently washed four times with triply distilled water before use.
Cloud-point preconcentration procedure
For cloud-point extraction, aliquots of 10.0 ml of the cold solution containing the analyte (1 -120 µg l -1 ), Triton X-114 (0.05% v/v) and PAN (3.52 × 10 -5 mol l -1 ), buffered at pH = 3.7 by 0.5 ml of 0.2 M potassium hydrogen phthalate solution, were kept for 10 min in a thermostated bath at 40˚C. The separation of the two phases was accomplished by centrifugation for 10 min at 3500 rpm. Upon cooling in an ice-acetone mixture (5 min), the surfactant-rich phase became viscous. The aqueous phase was then separated by inverting the tubes. The surfactant-rich phase was heated in a water bath at 100˚C to remove the remainder of water. To the dried phase containing the extracted analyte, 200 µl of methanol was added, and the resultant solution was introduced into the flame by conventional aspiration.
Sample preparation
A 10 ml portion of urine sample (or spiked urine sample) was treated with 10 ml of concentrated HNO3 and a HClO4 mixture of 2:1 in a 50 ml beaker covered with a watch glass. The contents in the beaker were heated on a hot plate (100˚C 15 min, 150˚C 10 min). The watch glass was removed and the acid evaporated to dryness at 150˚C. To the obtained white residue, 8 ml of HClO4 was added, and the mixture was heated at 160˚C to dryness. All of the heating processes were carried out under a hood with necessary precautions. Five milliliters of 1 M HCl were added, and the contents were heated at 150˚C for 1 min. The pH of the obtained clear solution was adjusted to 4 by a 3 M NaOH solution. This solution was transferred into a centrifuge tube containing 0.08 ml of 4.4 × 10 -3 mol l -1 PAN, 0.5 ml of 1% Triton X-114 and 0.5 ml of 0.2 mol l -1 buffer solution. The volume was adjusted to 10 ml by water, and finally Co was quantified following the developed CPE-flame atomic absorption spectrometric methodology.
Results and Discussion
Effect of the pH
The separation of metal ions by the cloud-point method involves the prior formation of a complex with sufficient hydrophobicity to be extracted into the small volume of the surfactant-rich phase, thus obtaining the desired preconcentration. When PAN is added to a slightly acidic or neutral solution of cobalt(II), a red-colored complex of cobalt(II) is first formed, but is readily oxidized by dissolved oxygen to form a green cobalt(III) complex, which is formed quantitatively and fairly rapidly in the pH range 2.4 -6.5. 32 The extraction yield depends on the pH at which complex formation is carried out. Figure 1 shows the effect of the pH in the range of 1 -6 on the extraction yield. It can be seen that for pH values in the range of 3.5 -6, the yield is almost constant. Hence, pH = 3.7 was chosen for other experiments in order to reduce the interference effects. Figure 2 shows the variation of the PAN-to-metal molar ratio for cobalt when 10 ml of a solution containing 100 µg l -1 Co in 0.05% (v/v) Triton X-114 and pH = 3.7 plus various amounts of PAN were subjected to the cloud-point preconcentration process. The results show that at least a 3-fold excess of PAN over the cobalt concentration was required to obtain the maximum and constant yield. 
Effect of PAN concentration
Effect of the Triton X-114 concentration
The variations in the analytical signal as a function of the concentration of Triton X-114 in the range of 0.025 -0.1% (v/v) were investigated with and without drying the surfactant-rich phase. According to the results shown in Fig. 3 , without drying the surfactant-rich phase, the analytical signal decreased with increasing of the Triton X-114 concentration above 0.04% due to an increase in the volume and the viscosity of the surfactant phase (Fig. 3a) . While in the dried condition, the signal was almost constant in the Triton X-114 range of 0.025 -0.1%, due to the constant volume and viscosity of the final solutions (Fig.  3b) . This is an important advantage of this method due to an improvement of the reproducibility and robustness.
Effect of drying the surfactant-rich phase
It is known that organic solvents increase the analytical signals obtained in flame atomic absorption spectrometry. 33 According to another concept, the presence of water in an organic solvent can decrease the analytical signals of flame atomic-absorption spectrometry. In cloud-point extraction methods the analyte is extracted into a small volume of a surfactant-rich phase that contains a high percentage of water. This phase is then diluted with a small volume of methanol before being introduced into a flame atomic-absorption spectrometer. The presence of water in this solution can decrease the analytical signal. Figure 4 shows the effect of the water concentration (v/v%) in final diluted surfactant solution on the analytical signals. According to the results, the analytical signal decreased by 30%, 52% and 60% at 15%, 25% and 75% water concentrations in methanol, respectively. Table 1 gives the phase ratio and the signal enhancement factors obtained under the different diluent compositions used in these experiments. It may be seen that when the composite of the diluent solvent is pure methanol, the enhancement factor is 2.5-times higher than that obtained with 85% water in methanol being the diluent solvent. For removing water from the final diluted solution, the surfactant-rich phase was dried and pure methanol was used as the diluent. The other factor that affects the enhancement factor is the volume of the final diluted solution. Drying the surfactant-rich phase and removing water from it decreases the volume of the final solution, and again increases the enhancement factor. This effect is also shown in Table 1 final diluted solution. This subsequently leads to an increase in the reproducibility of the cloud-point extraction method.
Effect of the methanol volume on the analytical signal
Since the surfactant-rich phase obtained after the cloud-point extraction procedure is in the solid form, methanol was added in order to dissolve it and to facilitate its introduction into the nebulizer of the spectrometer. Our results showed that the optimum volume of methanol is 200 µl. This amount of methanol was chosen in order to have available a sufficient amount of the sample for conventional aspiration. For smaller volumes, the reproducibility of the signals is very poor, whereas for higher volumes, there is a decrease in the signal due to dilution.
Extraction recovery
Extraction recovery is important factor in cloud-point extraction methods because it has a major effect on the enhancement factor. To study the extraction recovery of the proposed method, replicated extractions from one solution were used in two-level concentrations. The results are given in Table  2 . According to the obtained results, the extraction recovery is approximately 90%.
Characteristics of the method
Calibration graphs were obtained by preconcentrating 10 ml of the sample in the presence of 0.05% Triron X-114 in a medium buffered at pH = 3.7. The samples were introduced into the flame following the addition of 200 µl of methanol. In this case, linear relationships between the measured absorbance and the concentration of the cobalt present in the solution were obtained. Table 3 gives the parameters of the calibration curves, the relative standard deviations obtained for 5 replicates subjected to the complete procedure and the detection limits. Table 3 also gives the calibrations obtained with standard solutions of Co not subjected to the preconcentration step. The enhancement factor, calculated as the ratio of the slope of the preconcentrated samples to that obtained without preconcentration, was 115. Thus, by considering the effect of methanol (previous sections), the preconcentration factor is 115/2.5 = 46. Cumulatively, the enhancement factor obtained with the proposed method is 4-fold higher than that obtained without drying the surfactant-rich phase (Table 3) . Preconcentration of only 10 ml of the sample in the presence of 0.05% Triton X-114 permitted the detection of 0.38 µg l -1 of cobalt. Table 4 compares the enhancement factor and detection limit of the proposed method with those reported previously for the determination of cobalt by cloud-point extraction methods. It shows that the proposed method has a very high enhancement factor and a good detection limit compared with previous studies.
Interferences
In view of the high selectivity provided by flame atomic absorption spectrometry, the only interferences studied were those related to the preconcentration step. Other cations that may react with PAN were also studied. To perform this study, the amount of cobalt was set at 20 µg l -1 ; the concentration of Triton X-114 was set at 0.05% and that of PAN at 3.52 × 10 -5 mol l -1 . The results are shown in Table 5 , and prove that the cobalt recoveries are almost quantitative in the presence of interfering cations. The interference of some cations in high interferent-to-cobalt ratios can be avoided by increasing the concentration of PAN in the preconcentration step.
Interferences caused by the organic components of urine were not expected to occur because of complete wet ashing.
Determination of Co in urine samples
The proposed method was applied to the determination of cobalt in urine samples. Because certified reference materials for urine were not available to us, the validation of the outlined method was performed by the analysis of spiked samples. The results of Table 6 show that the proposed method can be successfully applied to the determination of cobalt in urine samples.
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Conclusions
Cloud-point extraction is an easy, safe, rapid and inexpensive methodology for the preconcentration and separation of metals from various samples. This paper shows that in the cloud-point extraction method the analyte solvent can be easily changed from aqueous solvent to a small amount of a water-soluble organic solvent in order to increase the enhancement factor. The proposed method was successfully applied to the determination of trace cobalt in urine samples. 
